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(54) THIN FILM FORMING APPARATUS AND THIN FILM FORMING METHOD 



(57) A thin-film forming apparatus which includes a 
printing device having an intaglio roll (A) having a plural- 
ity of ink cells, an ink supply means (B) which includes 
a doctor blade (B2) and fills ink into the ink cells, a print- 
ing roll (C) with an elastic plate (7), to which the ink of 
the intaglio roll is transferred wound round the barrel sur- 
face thereof, and a printing table (D) which fixes a to-be- 
printed material (D2) to which the ink of the printing roll 
is transferred, wherein the apparatus includes a articu- 
lated robot (6), and an implementation means for the 
printing preparatory works which is mounted to the arm 
(60) of the articulated robot and which performs at least 
one operation among the mounting/dismounting opera- 
tion of the elastic plate to/from the printing roll, the oper- 
ation to wipe and/or dry the ink on the barrel surface of 
the intaglio roll, and the operation to wipe and/or dry the 
ink on the doctor blade. 



Fig.1 
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Description 

TECHNICAL HELD 

The present invention relates to a thin-film forming 
apparatus, which includes, as an apparatus for forming 
a macromolecular thin-film pattern used for the elec- 
tronic parts such as a liquid crystal orientation film, for 
example, an intaglio roll having a plurality of ink cells; an 
ink supply means which fills ink into the ink cells; a print- 
ing roll having an elastic plate, to which the ink of the 
intaglio roll is transferred, on the barrel; a printing table 
which fixes the to-be-printed material, to which the ink of 
the printing roll is transferred; a doctor blade to ensure 
to fill the ink into the ink cells of the intaglio roll; and a 
robot which operates for the printing roll and the intaglio 
roll, and a thin-film forming method which uses the thin- 
film forming apparatus to form a thin-film. More particu- 
larly, the present invention relates to a thin-film forming 
apparatus and a thin-film forming method which can 
carry out at least one of the followings: 

(i) to form a thin-film, after the elastic plate is auto- 
matically mounted on the barrel of the printing roll, 
while stretching the elastic plate so that a predeter- 
mined tension is applied uniformly on the whole 
elastic plate; 

(ii) to form a thin-film after the barrel surface of the 
intaglio roll is automatically and uniformly wiped out 
and/or dried by pressing a wiper automatically 
against the intaglio roll with a predetermined contact 
pressure, while the wiping out and/or the drying of 
the barrel surface (including the ink cells) of the 
intaglio roll is simple; and 

(iii) to form a thin-film, after the doctor blade is auto- 
matically held by the wiper with a predetermined 
holding pressure and the doctor blade is automati- 
cally and uniformly wiped out and/or dried, while the 
wiping out and/or the drying of the doctor blade is 
simple. 

BACKGROUND ART 

In the conventional thin-film forming apparatus, the 
printing preparatory works, such as mounting/dismount- 
ing of the elastic plate, and wiping out of the intaglio roll 
and the doctor blade, are carried out by the operator by 
hand, before the printing operation. These works will be 
concretely described below. 

In the thin-film forming apparatus shown in Fig. 31 , 
in order to mount the elastic plate to the barrel of the 
printing roll, marks for positioning provided in plural 
places of the elastic plate and reference marks provided 
in plural places of the barrel of the printing roll are first 
positioned by the operator's hand(s) and the eyes of the 
operator, and the elastic plate is stretched by the opera- 
tor's hand(s) to be wound to the barrel of the printing roll. 
Afterwards, elastic plate holders which are mounted on 
both ends of the elastic plate are fixed by the operator's 



hand(s), by hooking them to chuck means mounted on 
the barrel of the printing roll. 

Then, the ink is filled into the plurality of ink cells of 
the intaglio roll by an ink supply means, transferred from 
s the intaglio roll to the elastic plate of the printing roll, and 
transferred from the printing roll to the to-be-printed 
material which is fixed on the printing table to carry out 
the printing. 

Furthermore, after the printing is completed, in order 
10 to dismount the elastic plate from the barrel of the print- 
ing roll, the elastic plate holders mounted on both ends 
of the elastic plate are dismounted by the operator's 
hand(s) from the chuck means on the barrel of the print- 
ing roll. 

15 Furthermore, in the conventional thin-film forming 
apparatus, the whole ink filled into the ink cells of the 
intaglio roll is not always transferred to the printing roll, 
and a part of the ink remains in the ink cells of the intaglio 
roll. If the residual ink is left as it is, the residual ink will 

20 be dried or stiffened to be ink solid, and the ink solid 
adheres to the inner part of the ink cells. If the intaglio 
roll is used as it is, the adhered ink is redissolved in new 
ink, or the ink solid drops out to be mixed in the new ink 
supplied to the intaglio roll, thereby the deteriorated ink 

25 is used for the printing. Furthermore, since the ink 
adhered to the ink cells decreases the volume of the ink 
cells, the transferred amount of the inkto the printing roll 
is decreased by that amount. 

Therefore, conventionally, the residual ink in the ink 

30 cells of the intaglio roll is wiped out, which is done all by 
the operator's hand(s). Namely, a wiper is first pene- 
trated with solvent which dissolves the ink, and pressed 
by the operator's hand against the barrel surface of the 
intaglio roll so that it becomes a predetermined contact 

35 pressure, and is moved along the axial direction of the 
intaglio roll, while rotating the intaglio roll in the state that 
the wiper is pressed against it. 

Then, in order to remove the solvent which leaves 
on the barrel surface of the intaglio roll, the intaglio roll 

40 is dried. Namely, a gas ejecting means which ejects gas 
for drying the intaglio roll is first placed by the operator's 
hand(s) so that there is a predetermined distance 
between the gas ejecting means and the barrel surface 
of the intaglio roll , and while ejecting the gas to the barrel 

45 surface of the rotating intaglio roll, the gas ejecting 
means is moved by the operator's hand(s) along the axial 
direction of the intaglio roll while rotating the intaglio roll. 

Then, the ink is filled into the plurality of ink cells of 
the intaglio roll by the inksupply means, transferred from 

so the intaglio roll to the elastic plate of the printing roll, and 
transferred from the printing roll to the to-be-printed 
material which is fixed on the printing table to carry out 
the printing. 

Furthermore, the doctor blade is a plate-shaped 
55 body, and mounted to the doctor blade-supporting rod 
(see Fig. 27). Since the doctor blade has a function to 
scrape off ink on the barrel surface of the rotating intaglio 
roll, and to ensure and measure the filling of the ink into 
the ink cells of the intaglio roll, if the doctor blade to which 
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the ink is adhered is left as it is, the adhered ink is dried 
or stiffened to become ink solid, and the ink solid is 
adhered to the doctor blade. If the ink-adhered doctor 
blade is used, the adhered ink is redissolved in new ink, 
or the ink solid drops out to be mixed in the new ink sup- 
plied to the intaglio roll, thereby the deteriorated ink is 
used for the printing. Furthermore, since the tip of the 
doctor blade becomes uneven due to the adhered ink, 
the removing unnecessary ink cannot be done evenly, 
and it becomes difficult to secure the filling into the all ink 
cells of the intaglio roll and measuring the ink amount. 

Therefore, conventionally, the ink adhered to the 
doctor blade is wiped out, which is done all by the oper- 
ator's hand(s). Namely, the wiper, first penetrated with 
solvent, is held in the operator's hand(s) to hold the doc- 
tor blade between them with a predetermined contact 
pressure, and are moved along the longitudinal direction 
of the doctor blade in the state that the doctor blade is 
put therebetween. Then, in order to remove the solvent 
which stays behind on the doctor blade, the doctor blade 
is dried by the operator's hand(s). Namely, a gas ejecting 
means which ejects gas for drying the doctor blade is 
placed by the operator's hand(s) so that there is a pre- 
determined distance between the gas ejecting means 
and the doctor blade, and while ejecting the gas to the 
doctor blade, the gas ejecting means is moved by the 
operator's hand(s) along the longitudinal direction of the 
doctor blade. 

Then, the ink is filled into the plurality of ink cells of 
the intaglio roll by the ink supply means, transferred from 
the intaglio roll to the elastic plate of the printing roll, and 
transferred from the printing roll to the to-be-printed 
material which is fixed on the printing table to carry out 
the printing. 

However, there are some problems described below 
in the conventional thin -film forming apparatus: 

(1) Since all the works, such as positioning of the 
elastic plate and the barrel of the printing roll, 
stretching of the elastic plate, hooking to the chuck 
means, mounting/dismounting of the elastic plate to 
the barrel of the printing roll, wiping and drying of the 
intaglio roll, and wiping and drying of the doctor 
blade are performed by the operator's hand(s), and 
thereafter, the printing is carried out, the efficiency 
to form the thin-film is very bad. 

(2) Since lots of people go in and out in order to 
mount the elastic plate to the barrel of the printing 
roll, to wipe out the intaglio roll, and to wipe out the 
doctor blade, lots of dust are raised from the people 
themselves, cloths thereof, and grounds, thereby the 
cleanness in the surroundings is deteriorated. Also, 
since the elastic plate is held by the operator's 
hand(s), there is a case where the elastic plate is 
held by oily hands with rubbish. Thereby, dust, rub- 
bish and oils are adhered to the elastic plate to make 
it dirty. 

When ink is transferred from the intaglio roll to 
such an elastic plate, dust, rubbish and oils are 



mixed in the ink, thereby the inktends to have foreign 
substances mixed therein or to be deteriorated ink. 
Accordingly, when a macromolecular thin-film such 
as a liquid crystal orientation film or the like is formed 

s by using such ink, there are caused such problems 
that the functions of the thin-film is deteriorated 
because the insulating property is deteriorated, une- 
venness in the film thickness or in the orientation is 
caused, and a part of the film is broken. 

10 (3) Since the elastic plate is wound round the barrel 
of the printing roll, while stretching it by the opera- 
tor's hand(s), it is difficult to make the state that a 
tension in a predetermined magnitude and in a pre- 
determined direction is applied along the whole 

15 width of the elastic plate, when the elastic plate is 
wound round the barrel of the printing roll. If much 
attention is not given to carry out the work, the elastic 
plate might be sometimes wound round the barrel of 
the printing roll in the state that an excessive tension 

20 or slackening applied on the whole elastic plate to 
be wound cannot be corrected. As a result, there 
might be a case where the elastic plate is mounted 
to the barrel of the printing roll in the state that an 
excessive tension is applied on the elastic plate or 

25 the state that the elasticplatehas wrinWesor waves. 

When the intaglio roll is brought into contact with 
the elastic plate in such a state, the contact pressure 
between the intaglio roll and the elastic plate and the 
contact pressure between the elastic plate and the 

30 to-be-printed material become uneven, and there 
are places having uneven transfer volume in the to- 
be-printed material, and a thin-film having an uni- 
form film thickness cannot be formed on the to-be- 
printed material. When it is tried to mount an elastic 

35 plate on the printing roll by the operator's hand(s) so 
as not to cause these defects, even an expert needs 
a lot of time, and the efficiency to form a thin-film is 
decreased. 

(4) Since the intaglio roll is wiped out by pressing a 

40 wiper held by the operator's hand(s) against the 
intaglio roll, it is quite difficult to press the wiper 
against the intaglio roll with a predetermined contact 
pressure and to maintain the predetermined contact 
pressure, while moving the wiper in the axial direc- 

45 tion of the intaglio roll, and the contact pressure 
becomes strong or weak. As a result, there are 
places where it is sufficiently wiped out and where it 
is insufficiently wiped out. And the residual ink 
adhered to the ink cells cannot be removed suffi- 

so cierttly. It is also impossible to wipe out uniformly the 
barrel surface of the intaglio roll. 

When ink is supplied to the intaglio roll which 
has not been sufficiently wiped out, the ink adhered 
to the intaglio roll is mixed in ink newly supplied to 

55 the intaglio roil, thereby a different kind of ink is 
mixed every time when the ink is exchanged to 
another kind. Also, since the adhered ink is left in 
the ink cells without being transferred to the printing 
roll, the transferred amount of the ink to the printing 
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roll becomes less by that amount, a thin-film having 
a sufficient film thickness cannot be formed on the 
to-be-printed material. 

Furthermore, if the ink is not wiped out suffi- 
ciently and uniformly, some ink cells have enough s 
ink and some have less ink, thereby the transferred 
amount of the ink to the printing roll becomes une- 
ven, and the film thickness becomes uneven. There- 
fore, for example, when a macromolecular thin-film 
pattern such as a liquid crystal orientation film is w 
formed, such problems are caused that the film 
thickness becomes uneven to cause unevenness in 
the display, and the functions of the thin-film are 
deteriorated. 

(5) Since the drying of the intaglio roll is carried out 15 
by holding the gas ejecting means by the operator's 
hand(s), it is quite difficult to maintain a predeter- 
mined distance between the gas ejecting means and 
the barrel surface of the intaglio roll, while moving 
the gas ejecting means in the axial direction of the 20 
intaglio roll, and the distance tends to become large 

or small. As a result, some places are dried suffi- 
ciently and some are not, and the barrel surface of 
the intaglio roll cannot be dried uniformly. 

When ink is supplied to the intaglio roll which 25 
has not been uniformly dried, the solvent used for 
wiping is mixed in new ink supplied to the intaglio roll 
as impurity. Therefore, in the case where a macro- 
molecular thin-film pattern, such as a liquid crystal 
orientation film, is formed by using such ink, there 30 
are caused such problems that the insulating prop- 
erty is deteriorated and the functions of the thin-film 
are deteriorated due to the unevenness in the film 
thickness and in the orientation. 

(6) When a doctor blade made of plastic is used, if 35 
hard substance such as a nail of a finger hits the tip 

of the doctor blade during the wiping operation by 
the operator's hand(s), the tip of the doctor blade 
becomes uneven so that the removing unnecessary 
ink is unevenly done, and it becomes difficult to 40 
secure the filling and measuring into all the ink ceils 
of the intaglio roll. 

(7) Since the wiping is carried out by holding a doctor 
blade by the wiper held by the operator's hand(s), it 

is quite difficult to press the wiper against the tip of 45 
the doctor blade with a predetermined contact pres- 
sure and to maintain the predetermined contact 
pressure while moving the wiper in the longitudinal 
direction of the doctor blade, and the contact pres- 
sure becomes strong or weak. As a result, the tip of so 
the doctor blade and the wiper part from each other 
so that the tip of the doctor blade cannot be wiped 
out, or the tip of the doctor blade and the wiper con- 
tact each other too strongly to break the wiper, 
thereby the workability is deteriorated. Also, it is 55 
quite dangerous that a hand of the operator may rub 
against the tip of the doctor blade to get injured. 

(8) Since wiping is carried out by holding the doctor 
blade between the wiper held by the operator's 



hand(s), it is quite difficult to hold the doctor blade 
by the wiper with a predetermined holding pressure 
and to maintain the predetermined holding pressure 
while moving the wiper in the longitudinal direction 
of the doctor blade, and the holding pressure 
becomes strong or weak As a result, some places 
are wiped out sufficiently and some are not, and the 
residual ink adhered to the doctor blade cannot be 
removed sufficiently. Also, the doctor blade cannot 
be wiped out uniformly. 

When ink is filled and the ink amount is meas- 
ured by a doctor blade which has not been suffi- 
ciently wiped out, the ink adhered to the doctor blade 
is mixed in ink newly supplied to the intaglio roll, 
thereby a different kind of ink is mixed every time 
when the ink is exchanged to another kind. Also, 
when the tip of the doctor blade becomes uneven, 
the removing unnecessary inkis unevenly done, and 
it becomes difficult to secure the filling and measur- 
ing into all the ink cells of the intaglio roll. 

Furthermore, if the ink is not wiped out suffi- 
ciently and uniformly, the tip of the doctor blade 
becomes uneven due to the adhered ink, thereby 
some ink cells have enough ink and some have less 
ink, which causes the unevenness in the amount of 
the ink filled into the ink cells, and the film thickness 
becomes uneven. Therefore, for example, when a 
macromolecular thin-film pattern such as a liquid 
crystal orientation film is formed, such problems are 
caused that the film thickness becomes uneven to 
cause an unevenness in the display and the func- 
tions of the thin-film are deteriorated. 
(9) Since the drying of a doctor blade is carried out 
by holding a gas ejecting means for drying by the 
hand of an operator, it is quite difficult to maintain a 
predetermined distance between the gas ejecting 
means and the doctor blade while moving the gas 
ejecting means in the longitudinal direction of the 
doctor blade, and the distance tends to become 
large or small. As a result, some places are dried 
sufficiently and some are not, and thus the doctor 
blade cannot be dried uniformly. 

When a doctor blade which has not been uniformly 
dried is used, solvent used for wiping is mixed in new ink 
supplied to the intaglio roll. Therefore, in the case where 
a macromolecular thin-film pattern, such as a liquid crys- 
tal orientation film, is formed by using such ink, there are 
caused such problems that the insulating property is 
deteriorated and the functions of the thin-film are deteri- 
orated due to the unevenness in the film thickness and 
in the orientation. 

Therefore, the object of the present invention is to 
overcome the above-mentioned problems, and to pro- 
vide a thin-film forming apparatus and a thin-film forming 
method which can improve the functions of the thin-film 
and the working efficiency, by automating the printing 
preparatory works without using operator's hands. 
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DISCLOSURE OF THE INVENTION 

In order to attain the objects described above, the 
present invention is constituted as described below: 

Namely, according to one embodiment of the s 
present invention, there is provided a thin-film forming 
apparatus, which includes a printing device having an 
intaglio roll having a plurality of ink cells, an ink supply 
means which fills ink into the ink cells, a doctor blade for 
wiping the barrel surface of the intaglio roll, a printing roll 10 
having an elastic plate, to which the ink of the intaglio roll 
is transferred, wound on the barrel thereof, and a printing 
table which fixes the to-be-printed material, to which the 
ink of the printing roll is transferred, wherein it is consti- 
tuted so that it includes a articulated robot provided adja- is 
cent to the printing device, and an implementation 
means for the printing preparatory works which performs 
at least one operation among mounting/dismounting 
operation of the elastic plate, which is mounted to the 
arm of the articulated robot, tofirom the printing roll, the 20 
operation to wipe the ink in the periphery of the intaglio 
roll, and the operation to wipe the ink in the wiping area 
of the doctor blade. 

According to the constitution, the printing prepara- 
tory works can be automated without the operators, and 25 
the functions of the thin-film and the working efficiency 
can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

These and other objects and features of the present 
invention will become clear from the following description 
taken in conjunction with the preferred embodiments 
thereof with reference to the accompanying drawings, in 
which: 35 

Fig. 1 is a perspective view showing a first embodi- 
ment of the thin-film forming apparatus of the 
present invention; 

Fig. 2 is a diagram illustrating the side of the printing 40 
device of the thin-film forming apparatus; 
Fig. 3 is a diagram illustrating an elastic plate auto- 
matic mounting/dismounting device of the thin-film 
forming apparatus; 

Fig. 4 is a diagram illustrating an elastic plate auto- 45 
matic mounting/dismounting device of the thin-film 
forming apparatus; 

Fig. 5 is a diagram illustrating an elastic plate auto- 
matic mounting/dismounting device of the thin-film 
forming apparatus; so 
Fig. 6 is a diagram illustrating an elastic plate auto- 
matic mounting/dismounting device of the thin-film 
forming apparatus; 

Fig. 7 is a diagram illustrating an elastic plate auto- 
matic mounting/dismounting device of the thin-film ss 
forming apparatus; 

Fig. 8 is an enlarged sectional diagram illustrating 
the main part of a variation of the elastic plate auto- 



matic mounting/dismounting device of the thin-film 

forming apparatus; 

Rg. 9 is a top view of Fig. 8; 

Fig. 10 is a top view where the pulling direction of 

the elastic plate is being adjusted in Fig. 9; 

Fig. 11 is an enlarged view of the main part of the 

elastic plate and the elastic plate holder used for the 

elastic plate automatic mounting/dismounting in one 

embodiment of the thin-film forming method of the 

present invention; 

Fig. 1 2 is a diagram illustrating the state of the elastic 
plate when it is mounted by the conventional thin- 
film forming method; 

Fig. 1 3 is a diagram illustrating the state of the elastic 
plate which is stretched taut so that there is no slack- 
ening, in the embodiment of the thin-film forming 
method according to the present invention; 
Fig. 1 4 is a diagram illustrating the state of the elastic 
plate at the time of mounting thereof, in the conven- 
tional thin-film forming method; 
Rg. 1 5 is a diagram illustrating the state of the elastic 
plate which is stretched taut so that there is no slack- 
ening, in the embodiment of the thin-film forming 
method according to the present invention; 
Fig. 16 is a view showing other examples of struc- 
tures of a fixed chuck means, a stretching chuck 
means, the first chuck means and the second chuck 
means; 

Fig. 17 is a block diagram of a circuit portion which 
controls the thin-film forming apparatus; 
Rg. 18 is a flow chart when the elastic plate is 
mounted on the barrel of the printing roll, in the thin- 
film forming apparatus of the embodiment; 
Rg. 19 is a perspective view showing the second 
embodiment of the thin-film forming apparatus of the 
present invention; 

Fig. 20 is a diagram illustrating the automatic wiping 
device for the intaglio roll of the thin-film forming 
apparatus according to the second embodiment; 
Fig. 21 isadiagram illustrating the tracks of the wiper 
holder means of the automatic wiping device for the 
intaglio roll, which moves keeping contact with the 
barrel surface of the intaglio roll; 
Fig. 22 is an enlarged sectional diagram of the main 
part of a variation of the automatic wiping device for 
the intaglio roll; 

Rg. 23 is a sectional view taken along the line X-X 
of Fig. 22; 

Rg. 24 is a diagram showing the state that an elastic 
plate automatic mounting/dismounting means and a 
wiper holder means for wiping the doctor blade are 
mounted to the automatic wiping device for the 
intaglio roll; 

Rg. 25 is a perspective view showing the third 
embodiment of the thin-film forming apparatus of the 
present invention; 

Rg. 26 is a side view illustrating the automatic wiping 
device for the doctor blade of the thin-film forming 
apparatus; 
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Fig. 27 is a top view of Fig. 26; 
Fig. 28 is an enlarged side view showing the main 
part of a variation of the automatic wiping device for 
the doctor blade of the thin-film forming apparatus; 
Fig. 29 is an elevational view showing the state that 5 
the upper chuck and the lower chuck of the auto- 
matic wiping device for the doctor blade shown in 
Fig. 28 are separated; 

Fig. 30 is an elevational view showing the state that 
the upper chuck and the lower chuck of the auto- 
matic wiping device for the doctor blade shown in 
Fig. 28 are brought close; and 
Fig. 31 is a view showing the conventional thin-film 
forming apparatus. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Before the description of the present invention pro- 
ceeds, it is to be noted that like parts are designated by 
like reference numerals throughout the accompanying 
drawings. 

The first embodiment of the present invention will 
now be described with reference to the drawings. 

The summary of the thin-film forming apparatus and 
the thin-film forming method in the first embodiment will 
be described below. 

In the thin-film forming apparatus and the thin-film 
forming method of the first embodiment, since a thin-film 
is formed on a to-be-printed material at a printing device, 
after mounting/dismounting of an elastic plate is carried 
out by using a hand mounted on the arm of a articulated 
robot in an elastic plate automatic mounting/dismounting 
device, the elastic plate can be automatically mounted 
to the barrel of a printing roll, and the elastic plate can 
also be automatically dismounted after the printing, 
thereby the whole processes of a series of the thin-film 
forming can be carried out smoothly to improve the effi- 
ciency of the thin-film forming. 

Furthermore, at the elastic plate automatic mount- 
ing/dismounting device, while the distance between the 
hand body and the stretching chuck means is adjusted 
by automatically moving the rod back and forth from the 
air cylinder body of the elastic plate tension-adjusting 
means to automatically adjust the tension of the elastic 
plate, the elastic plate is mounted on the barrel of the 
printing roll, and thereafter, a thin-film is formed on the 
to-be-printed material by the printing device. 

Accordingly, even if excessive tension is applied to 
the elastic plate or tension is short to cause the slacken- 
ing, just before the elastic plate is wound round the barrel 
of the printing roll and during being wound, the tension 
applied to the elastic plate is automatically adjusted to a 
predetermined value by the elastic plate tension-adjust- 
ing means, thereby tension of the predetermined mag- 
nitude is always applied to the elastic plate. 

As a result, the elastic plate can be neatly mounted 
on the barrel of the printing roll without wrinkles or waves. 
Therefore, if the ink is transferred to the elastic plate, and 
further to the to-be-printed material, there is caused no 



difference in the transferred amount, and a thin-film hav- 
ing an uniform film thickness can be formed on the to- 
be-printed material. 

Concretely, the process is advanced as described 
below. 

The tension applied to the elastic plate is a compos- 
ite force including a force for stretching the elastic plate 
by the rotation of the barrel of the printing roll and a force 
for oppositely stretching the elastic plate by the rod of the 
air cylinder. The distance between the hand body of the 
elastic plate automatic mounting/dismounting device of 
the present invention and the stretching chuck means 
varies automatically according to the magnitude of the 
tension applied to this elastic plate. 

For example, when the movement of the hand body 
becomes a little slower than the rotation of the barrel of 
the printing roll while the elastic plate is wound round the 
barrel of the printing roll, the tension applied to the elastic 
plate exceeds the predetermined value, and the rod is 
moved back to the air cylinder body to make the distance 
small between the elastic plate tension-adjusting means 
and the stretching chuck means. As a result, the distance 
between the first elastic plate holder and the second 
elastic plate holder is kept at a certain level, thereby the 
tension applied to the elastic plate becomes the prede- 
termined value. 

On the contrary, when the movement of the hand 
body becomes a little faster than the rotation of the barrel 
of the printing roll while the elastic plate is wound round 
the barrel of the printing roll, the tension applied to the 
elastic plate becomes smaller than the predetermined 
value, and in order to recover the tension up to the pre- 
determined value, the rod is moved forward from the air 
cylinder body to make the distance large between the 
elastic plate tension-adjusting means and the stretching 
chuck means. As a result, the distance between the first 
elastic plate holder and the second elastic plate holder 
is kept at a certain level, thereby the tension applied to 
the elastic plate becomes the predetermined value. 

Furthermore, at the elastic plate automatic mount- 
ing/dismounting device, the size of the angle for stretch- 
ing the elastic plate by means of the stretching chuck 
means is adjusted by rotating the elastic plate tension- 
adjusting means and/or the stretching chuck means 
against the hand body, and while automatically adjusting 
the direction for stretching the elastic plate, the elastic 
plate is mounted on the barrel of the printing roll, and 
thereafter, a thin-film is formed on the to-be-printed 
material by the printing device. 

Accordingly, even if slackening is caused in a part of 
the elastic plate, just before the elastic plate is wound 
round the barrel of the printing roll and during being 
wound, the direction of stretching the elastic plate is 
automatically corrected by the elastic plate tension- 
adjusting means, thereby the elastic plate can be main- 
tained in the state of being stretched tautly so that the 
uniform tension is applied to the whole elastic plate. 

As a result, the elastic plate can be neatly mounted 
on the barrel of the printing roll without wrinkles or waves. 
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Therefore, if the ink is transferred to the elastic plate and 
further to the to-be-printed material, there is caused no 
difference in the transferred amount, and a thin-film hav- 
ing an uniform film thickness can be formed on the to- 
be-printed material. 5 

Concretely, the process is advanced as described 
below. 

Namely, the direction to stretch the elastic plate by 
the stretching chuck means is automatically adjusted 
according to slackening generated in a part of the elastic 10 
plate. 

For example, in the case (A) where it is difficult to 
stretch the elastic plate tautly due to the slackening gen- 
erated in a part of the elastic plate, if the elastic plate is 
not stretched in the state that the first elastic plate holder 15 
and the second elastic plate holder of the elastic plate 
are not parallel delicately, that is, in the state of, so called, 
a slant shift (see Fig. 12), the stretching chuck means is 
rotated on the right by the amount of the angular shift 
with respect to the hand body, centering around the rota- 20 
tion axis of the stretching chuck means, and the elastic 
plate is stretched tautly (see Fig. 13). 

Or, in the case (B) where it is difficult to stretch the 
elastic plate tautly due to the slackening generated in a 
part of the elastic plate, if the elastic plate is not stretched 25 
in the state that the second elastic plate holder is not 
located in the front of the first elastic plate holder, that is, 
in the state of, so called, a parallel shift (see Fig. 1 4), the 
elastic plate tension-adjusting means is rotated on the 
left by the necessary angle with respect to the hand body, so 
centering around the rotation axis of the mounting 
means. Furthermore, the stretching chuck means is 
rotated on the right by the necessary angle with respect 
to the bearing body of the elastic plate tension-adjusting 
means, centering around the rotation shaft of the stretch- 35 
ing chuck means, to make the first elastic plate holder 
and the second elastic plate holder parallel (see Fig. 1 0), 
and thus, the elastic plate is stretched taut (see Fig. 1 5). 

First, the elastic plate automatic mounting/ dis- 
mounting device of the thin-film forming apparatus 40 
according to the first embodiment will now be described. 

In the elastic plate automatic mounting/dismounting 
device 101 . as shown in Fig. 1 and Fig. 3, a hand 105 is 
mounted on the arm 60 of the articulated robot 6. 

The articulated robot 6 is a general-purpose indus- 45 
trial robot, and plural arms 60 are flexibly linked horizon- 
tally and vertically via the joints 61. Namely, the 
articulated robot 6 may be a horizontal articulated robot, 
a vertical articulated robot, or an orthogonal articulated 
robot. It has a structure that the hand 1 05 is mounted at so 
one end of the group of arms where the plural arms 60 
are gathered, and the other end is supported by a robot 
base 62. The joints 61 are parts which bend and run the 
arms 60 by a plurality of stages, or by no stages, by 
means of an oil pressure, a water pressure, or a motor, ss 
The robot base 62 is a part which drives the group of 
arms vertically in a multistage or non-stage mariner, by 
means of an oil pressure, a hydraulic pressure, or a 
motor. 



The hand 105 has a hand body 1, a fixed chuck 
means 102, a stretching chuck means 103, and an elas- 
tic plate tension-adjusting means 104 (see Fig. 1 and Fig. 
3). 

The hand body 1 is a rectangular plate having a 
proper thickness, and the arm 60 of the articulated robot 
6 is fixed on the center of the surface thereof. The hand 
body 1 can be freely moved, e.g., in the vertical and hor- 
izontal directions, and in the rotational direction center- 
ing around the arms 60, by driving the arms 60 of the 
articulated robot 6. Amounting means 140 shown in Fig. 
8 may be also provided in the hand body 1 . 

The elastic plate 7 which is mounted along the 
peripheral direction on the barrel surface of the barrel 
108 of the cylindrical printing roll is a soft plate made of 
rubber or nylon resins, and may be a letterpress plate in 
which a convex portion is formed on the surface in a 
desired pattern, or an intaglio plate or a planographic 
plate. When the elastic plate 7 is mounted on the barrel 
1 08 of the printing roll, both ends in the peripheral direc- 
tion are held by the first elastic plate holder 1 70 and the 
second elastic plate holder 171. The first elastic plate 
holder 170 and the second elastic plate holder 171 are 
the member in which chuck holes for a hand 1 75, chuck 
holes for a printing roll 1 76, and chuck holes for position- 
ing 177 are formed symmetrically side by side with 
respect to the transversely-extended center line of the 
elastic plate holder (see Fig. 11). The elastic plate 7 
wound round the barrel 108 of the printing roll is a from 
plate for printing which transfers ink to carry out the print- 
ing by adhering the ink for printing to the top of the convex 
portion and bringing the convex portion into contact with 
the surface of the to-be-printed material. 

The fixed chuck means 102, as shown in Fig. 1 and 
Figs. 3-7, has a mechanism which can hold the first elas- 
tic plate holder 1 70 of the elastic plate holder 7 or release 
it, and is fixed along one edge of the hand body 1 on the 
back side of the hand body 1 . The fixing method of the 
fixed chuck means 102 to the hand body 1 is not limited 
to the method described above, and may be fixed to the 
mounting means 1 40 described below (see Figs. 8-10). 

As shown in Figs. 3, 4 and the like, the fixed chuck 
means 102 has a magnetic force-type fixing mechanism 
composed of a chuck body 121 and an electromagnet 
(not shown) exposed on the surface of the chuck body 
1 21 . In this magnetic force-type holding mechanism, the 
elastic plate holder is held at the chuck body 121 by 
bringing the chuck body 121 of the fixed chuck means 
102 into contact with the elastic plate holder, made of 
metal, of the elastic plate 7, and thus generating a mag- 
netic force by the electromagnet. When the holding of 
the elastic plate holder is released, the magnetic force 
of the electromagnet has only to be extinguished. 

Furthermore, as another example of the fixed chuck 
means 102, there can be mentioned the one having a 
vacuum suction-type fixing mechanism which provides 
vacuum suction holes (not shown) on the face bringing 
in contact with the elastic plate holder of the chuck body 
121 . In this vacuum suction-type fixing mechanism, the 
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elastic plate holder is held at the chuck body 121 by 
bringing the chuck body 121 of the fixed chuck means 
102 into contact with the elastic plate holder, and vac- 
uum-sucking from the vacuum suction holes. When the 
holding of the elastic plate holder is released, the vac- 5 
uum suction is stopped. 

Furthermore, as another example of the fixed chuck 
means 1 02, there can be mentioned the one, for example 
as shown in Fig. 16, which includes a chuck body 121, 
a driving unit 1 22 mounted on the side of the chuck body 10 
121, and a holding portion 123 having an L-shaped sec- 
tion and driven in a vertical direction shown in the figure 
by the driving unit 122. In such a fixing mechanism, the 
driving unit 1 22 drives the holding portion 1 23 in the ver- 
tical direction, and the first elastic plate holder 1 70 of the 75 
elastic plate 7 is held between the chuck body 121 and 
the holding portion 123, or the holding is released. 

The stretching chuck means 103 is provided on the 
rear face of the hand body 1 , in opposition to the fixed 
chuck means 1 02, and has a function to hold the second 20 
elastic plate holder 171 of the elastic plate 7 held by the 
fixed chuck means 102 or release the hold thereof. As a 
concrete mechanism, the stretching chuck means 103 
adopts the similar mechanism as that of the fixed chuck 
means 102. The stretching chuck means 103 is also 25 
moved back and forth in the direction of expanding and 
contracting the distance between the opposite fixed 
chuck means 102 and the stretching chuck means 103 
along the back side of the hand body 1. As a simple 
mechanism for such back-and-forth movement and 30 
mounting of the chuck means 103 to the hand body 1, 
the stretching chuck means 1 03 can be directly mounted 
on the tip of the driving shaft of an air cylinder provided 
on the rear of the hand body 1 (see Fig. 1 and Figs. 3- 
7). In order to guide and assist the movement of the 35 
stretching chuck means 103 against the hand body 1 , a 
guide means 1 47 is provided on both sides of the air cyl- 
inder on the rear face of the hand body 1, as shown in 
Fig. 9. The guide means 147 includes guide rods 148 
which are elongated in the same direction as the rod 1 42 40 
and has one end mounted to the stretching chuck means 
1 03, and guide members 149 which guide the guide rods 
148 for the reciprocating motion in the axial direction of 
the guide rods 148. 

In Figs. 8-9, there is shown a case where the stretch- 45 
ing chuck means 1 03 has a chuck body 1 31 and a bear- 
ing body 143, and Figs. 8-9 do not disclose a structure 
that the stretching chuck means 103 is directly mounted 
to the tip of the driving shaft of the air cylinder, but it dis- 
closes a mechanism in the more preferred embodiment, so 
wherein the bearing body 143 is mounted. 

The elastic plate tension-adjusting means 1 04 has 
a back and forth movement mechanism such as an air 
cylinder or a spring in order to expand and contract the 
distance between the hand body 1 and the stretching ss 
chuck means 103, and one end of the elastic plate ten- 
sion-adjusting means 104 is fixed to the fixed chuck 
means 102, and the other end thereof is fixed to the 
stretching chuck means 103. 



As another concrete structure of the elastic plate 
tension-adjusting means 104, there can be mentioned a 
structure having an air cylinder body 141 and a rod 142, 
as shown in Fig. 8. 

The mounting means 140 is composed of a mount- 
ing portion 161 which is a rectangular plate, and a sub- 
stantially columnar rotation shaft 160 projecting roughly 
at the central portion on the surface of the mounting por- 
tion 161 , as shown in Figs. 8 and 9. The rotation shaft 
160 enters the bearing part 10 having a concave shape 
and formed in the inside of the hand body 1, and can 
rotate horizontally against the lower face of the hand 
body 1 via a rotation guide 1 1 composed of a roller bear- 
ing. Accordingly, the mounting means 140 rotates as 
required so as to be able to stretch the elastic plate 7 in 
such a direction that there is caused no slackening in the 
elastic plate 7 (see Fig. 10). A linear slide guide may be 
formed in the inside of the hand body 1 , and the mounting 
means 1 40 may be moved linearly and slidably along the 
linear slide guide. 

Furthermore, a fixed chuck means 102 is fixed on 
the back side of the mounting portion 1 61 . 

The air cylinder body 1 41 has a rod 1 42 which back 
and force moves in the axial direction of the air cylinder 
body 141 by supplying air into the air cylinder body 141 
and discharging the air therefrom, and is fixed at sub- 
stantially central portion on the back side of the mounting 
portion 161 of the mounting means 140, in the vertical 
direction with respect to the elongated direction of the 
stretching chuck means 103 

In the present embodiment, the above-described 
guide means 147 are provided on both sides of the air 
cylinder body 141 on the back side of the mounting por- 
tion 161. 

A bearing body 143 is mounted on the end portion 
of the rod 142 of the air cylinder 141 . A tip of the guide 
rod 148 of the guide means 147 is also mounted to the 
bearing body 143. The bearing body 143 has a cam fol- 
lower 144 and a bearing part 145. On the other hand, a 
projection 1 4 elongated in the back-and-forth-movement 
direction of the rod 142 is formed on the hand body 1 
corresponding to the stretching chuck means 103, and 
on the projection 1 4, there is formed a cam follower guide 
groove 12 which is wider than the diameter of the cam 
follower 144 so that the cam follower 144 can slidably 
move therein (see Fig. 9). 

"me bearing body 143 is interlocked with the back- 
and-forth movement of the rod 142 of the air cylinder, 
and thus moves linearly in the back and forth direction 
with respect to the fixed chuck means 102 and the 
mounting means 140, within the range of the lengthwise 
direction of the cam follower guide groove 1 2 (which cor- 
responds to the distance in the right and left direction in 
Fig. 8 and Fig. 9). 

Furthermore, when the mounting means 140 rotates 
round the rotation center 162 of the mounting means 
140. the bearing body 143 together with the mounting 
means 140 rotates round its axis against the hand body 
1 within the range of the widthwise direction of the cam 
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follower guide 12 (which corresponds to the distance in 
the vertical direction in Fig. 9). The bearing body 1 43 can 
perform the linear movement and the axial rotation sep- 
arately, or simultaneously. 

Furthermore, the rod 142 may go back toward the 
air cylinder body 141 and the cam follower 144 may be 
fitted into the V-shaped portion 13 of the cam follower 
guide groove 12 so that the cam follower 144 cannot 
move in the lengthwise direction and also in the width- 
wise direction of the cam follower guide groove 12, and 
as a result, the bearing body 1 43 cannot be designed to 
rotate round the rotation center 162 of the mounting 
means 140. 

In the present embodiment, the stretching chuck 
means 103 hasa rotation axis portion 130, a chuck body 
131 , and a bearing body 143. The rotation axis portion 
130 is rotatably fitted into the bearing part 145 of the 
bearing body 1 43 so that it can horizontally rotate against 
the lower face of the bearing body 143. Therefore, the 
stretching chuck means 103 rotates as required so that 
it can stretch the elastic plate 7 in the direction that there 
is caused no slackening in the elastic plate 7 (see Fig. 
10). 

A wiper holder means 202 for wiping the intaglio roll 
and/or a wiper holder means 302 for wiping the doctor 
blade may be attached to other places of the hand body 
1 where the fixed chuck means 1 02, the stretching chuck 
means 103, and the elastic plate tension-adjusting 
means 104 are mounted. 

The wiper holder means 202 for wiping the intaglio 
roll is mounted, for example as shown in Fig. 9 and Fig. 
10, to the hand body 1 or the mounting means 140, on 
the line orthogonally crossing the line which links the 
fixed chuck means 102 and the stretching chuck means 
103, via a repulsion-pressing means 203. When it is 
required to remove the unnecessary ink which is left in 
the ink cells of the intaglio roll, a wiper composed of an 
non-woven fabrics or the like which has been penetrated 
with solvent is held by a wiper holder means 202 for wip- 
ing the intaglio roll, and the surface of the intaglio roll is 
wiped with the wiper by rotating the hand body 1 or the 
mounting means 140 by 90 degree and driving the arm 
60 of the articulated robot 6. The repulsion-pressing 
means 203 is a means which utilizes the repulsive force 
of a spring, an air cylinder or the like to press the wiper 
to the barrel of the intaglio roll with a predetermined con- 
tact pressure. 

Furthermore, the wiper holder means 302 for wiping 
the doctor blade is mounted, for example as shown in 
Fig. 9 and Fig. 10. to the hand body 1 or the mounting 
means 140 via a repulsion-pressing means 303, to a 
position opposite to the wiper holder means 202 for wip- 
ing the intaglio roll. When it is required to remove the 
unnecessary ink which is left in the doctor blade, a wiper 
composed of non-woven fabrics or the like which has 
been penetrated with solvent is held by the wiper holder 
means 302 of the doctor blade, and the surface of the 
doctor blade is wiped with the wiper by rotating the hand 
body 1 or the mounting means 1 40 by 90 degree and 



driving the arm 60 of the articulated robot 6. The repul- 
sion-pressing means 303 is a means which utilizes the 
repulsive force of a spring, an air cylinder, or the like to 
bring the wiper into contact with the tip of the doctor blade 

s with a predetermined contact pressure and to hold the 
upper and lower faces of the doctor blade by the wiper 
with a predetermined holding pressure. 

The action of the elastic plate automatic mount- 
ing/dismounting device described above is controlled by 

w the control device 1 85 shown in Fig. 1 7 and provided on 
the articulated robot 6. To the control device 1 85 are elec- 
trically connected, respectively, a driving unit 186 of the 
arms 60 etc. of the articulated robot 6, a chuck operating 
part 187 which operates the stretching chuck means 

15 1 03, a driving part 1 89 of the rod 1 42 of the air cylinder 
141 of the elastic plate tension-adjusting means 104, an 
operating part 190 which carries out the gas ejecting 
action at the time of cleaning the doctor blade, an oper- 
ating part 1 91 which carries out the holding action of the 

20 wiper at the time of cleaning the doctor blade, an oper- 
ating part 192 which carries out the gas ejecting action 
at the time of wiping the printing roll, and an operating 
part 193 which carries out the holding action of the wiper 
at the time of wiping the printing roll. 

25 Fig. 17 is a figure common to the second and third 
embodiments described below, and includes composi- 
tions which are not used in the present embodiment 
described above. 

The printing device of the thin-film forming appara- 

30 tus in the present embodiment will now be described. 

The printing device is composed of an intaglio roll A 
having a plurality of ink cells, an ink supply means B 
which fills ink into the ink cells, a printing roll C having on 
the barrel an elastic plate to which the ink of the intaglio 

35 roll is transferred, and a printing table D which fixes the 
to-be-printed to which the ink of the printing roll is trans- 
ferred. 

In the printing device, a supporting frame F is formed 
on the central portion of the base E composed of a rec- 

40 tangular support, and on the supporting frame F are 
rotatably supported the intaglio roll A and the printing roll 
C. Also, on the upper part of the intaglio roll A, the ink 
supply means B is disposed. A printing table D is dis- 
posed on the upper face of the base 1 . 

45 The intaglio roll A has a barrel portion fixed on the 
rotation shaft, and the plurality of ink cells are provided 
on the surface of the barrel portion. Each ink cell has, for 
example, a depth of 10 to several tens \im. The barrel 
portion abuts to the convex portion of the elastic plate of 

so the barrel of the printing roll C with a constant pressure. 
The ink supply means 8 is composed of an ink sup- 
ply nozzle B1 and a doctor blade B2. The ink supply 
means B constructs a pair of rails on the upper end por- 
tion of the supporting frame on the opposite side of the 

55 doctor to the intaglio roll A. On these rails, an ink supply 
body is movably provided, while the ink nozzle B1 of this 
ink supply body being extended to the upper direction of 
the doctor blade and above the surface of the intaglio roll 
A. The ink supply body moves back and forth along the 
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pair of rails by driving of a motor or an air cylinder via a 
wire (not shown) to supply ink from the ink supply nozzle 
81 to the intaglio roll A so that the ink can be gathered 
in the area where the doctor blade B2 contacts with the 
intaglio roll A. The ink has a viscosity of, for example, 
from several tens to 30,000 c.p.s., and is composed of 
mixture of synthetic resin or resin precursor and solvent. 
The doctor blade B2 is a plate-shaped body and is 
mounted on a doctor blade-supporting rod B3 mounted 
on the supporting frame R By rotating the doctor blade- 
supporting rod B3, the doctor blade B2 contacts with or 
parts from the surface of the intaglio roll A. 

The ink supplied from the ink supply nozzle B1 is 
measured and an excessive mount of ink is removed by 
the doctor blade B2. Thus, the ink supply means B 
spreads the inkdropped on the surface of the intaglio roll 
A over the surface of the intaglio roll A, fills the ink into 
the ink cells to form a film of the ink with high uniformity 
on the surface of the intaglio roll A. 

In the printing roll C, the barrel portion is fixed to the 
rotation shaft thereof, and a soft elastic plate 7 composed 
of rubber such as butyl rubber, synthetic resin such as 
nylon resins, photosensitive rubber, photosensitive 
resin, or the like is mounted to the barrel portion or dis- 
mounted therefrom. The ink of the intaglio roll A is trans- 
ferred to the elastic plate 7. 

The printing table D is disposed on the base E. On 
the upper face of the base E, guide rails D1 are fixed, 
respectively, on both sides between the printing position 
V below the supporting frame R, a position "a" for putting 
a material to be printed (to-be-printed material) which is 
parted from below the supporting frame F towards the 
carry-in side of the to-be-printed material, and a carry- 
out position "c" which is parted from below the supporting 
frame F towards the carry-out side of the to-be-printed 
material. The printing table D moves on the base E, 
between respective positions "a", "b", and "c" along the 
guide rails. The to-be-printed material D2 is put on the 
printing table D at the position "a" for putting a to-be- 
printed material on the base E, is brought into contact 
with the printing roll C at the printing position V on the 
base E in order to transfer the ink of the elastic plate 7 
of the printing roll C into the to-be-printed material D2 to 
carry out the printing, and is carried out at the carry-out 
position "c" on the base E. 

The printing table D has the plate-shaped to-be- 
printed material D2 put on the upper face thereof, posi- 
tions the to-be-printed material D2, and holds it. Further- 
more, on the lower face of the printing table D, a rack D3 
parallel to the guide rails D1 is mounted. A pinion D4 is 
interlocked with this rack D3, and is so constituted that 
the printing table D moves reciprocatingly and slidingly 
with the rack D3 by the regular and reverse rotations of 
this pinion D4. 

The operation of theprintingdevicedescribed above 
is controlled by the control device 194 on the side of the 
printing device shown in Rig. 17. Also, the control device 
194 is electrically connected to the control device 185, 
and these devices control the whole operation of the thin- 



film forming apparatus while exchanging the information 
with each other. The control device 185 and the control 
device 1 94 may not be separated in such a manner, and 
may be constituted as one control device. Also, to the 

s control device 1 94 are electrically connected respective 
compositions of the operating part 195 of the rotation of 
the printing roll, the driving part 196 of the first chuck 
means 1 80 and the second chuck means 1 81 in the print- 
ing roll, the driving part 197 of the rotation of the intaglio 

w roll, and the angle-adjusting part 198 of the doctor blade. 
One embodiment of the thin-film forming method 
according to the present invention will now be described. 

First, at the elastic plate automatic mounting/ dis- 
mounting device, the elastic plate 7 whose both ends are 

15 held by the first elastic plate holder 1 70 and the second 
elastic plate holder 1 71 is wound round the barrel 1 08 of 
the printing roll having the first chuck means 1 80 and the 
second chuck means 181. 

The first elastic plate holder 170 and the second 

20 elastic plate holder 171 are members in which chuck 
holes 1 75 for the hand, chuck holes 1 76 for the printing 
roll, chuck holes 1 72 for positioning are formed symmet- 
rically side by side with respect to the center of the elastic 
plate holder (see Fig. 1 1). As the first chuck means 180 

25 and the second chuck means 181, there can be men- 
tioned a magnetic force-type holding mechanism and a 
vacuum suction-type holding mechanism simitar to those 
described with regard to the fixed chuck means 1 02 and 
the stretching chuck means 1 03 of the elastic plate auto- 

30 matic mounting/dismounting device in the present 
embodiment. 

First, the first elastic plate holder 1 70 and the second 
elastic plate holder 1 71 of the elastic plate 7 in the slack- 
ened state are respectively held by the fixed chuck 

35 means 102 and the stretching chuck means 103 of the 
hand 105 of the elastic plate automatic mounting/dis- 
mounting device in the present embodiment (see Fig. 3). 

The elastic plate 7 is put on the rack for the stand- 
by of the elastic plate in the slackened state so that the 

40 interval between the first elastic plate holder 1 70 and the 
second elastic plate holder 171 which hold the ends of 
the elastic plate 7 becomes equal to the interval between 
the fixed chuck means 102 and the stretching chuck 
means 103 of the hand 105. 

45 To hold the first elastic plate holder 1 70 and the sec- 
ond elastic plate holder 171 by the fixed chuck means 
1 02 and the stretching chuck means 1 03 may be carried 
out by the magnetic force-type holding mechanism, the 
vacuum suction-type holding mechanism, or the like. 

50 Then, by driving the arms 60 of the articulated robot 
6, the first elastic plate holder 170 of the elastic plate 7 
is moved to the position of the barrel of the printing roll 
108 where the first chuck means 180 is provided. 
The driving of the arms 60 may be done by properly 

55 bending/stretching the arms 60 via the joints 61 of the 
articulated robot 6, or by vertically moving the robot base 
62. 

Then, the first elastic plate holder 1 70 of the elastic 
plate 7 is transferred from the fixed chuck means 1 02 of 
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the hand 105 to the first chuck means 180 of the barrel 
1 08 of the printing roll and vice versa (see Fig. 4 and step 
1 of Fig. 1 8). This transfer is performed by excitation and 
demagnetization of an electromagnet, in the case where, 
for example, magnetic force-type holding mechanisms 5 
are adopted as the fixed chuck means 102 and the first 
chuck means 180. 

After the first elastic plate holder 170 is held by the 
first chuck means 180 in the above manner, the air is 
supplied from the air supply source to the air cylinder 141 10 
which constitutes the elastic plate tension-adjusting 
means 104, so that the state that the rod 142 of the air 
cylinder 141 is extended to the full extent is made (see 
step 2 of Fig. 18). 

In this state, by driving the arms 60 of the articulated 15 
robot 6, the hand 105 is separated from the barrel 108 
of the printing roll to apply a predetermined tension to 
the elastic plate 7 between the first elastic plate holder 
1 70 and the second elastic plate holder 1 71 (see Fig. 5). 

As the elastic plate 7 is stretched gradually due to 20 
the separation, the stretching force which acts upon the 
elastic plate 7 becomes large and the force by which the 
second elastic plate holder 1 71 is stretched with the elas- 
tic plate 7 becomes large. On the other hand, the air is 
supplied to the air cylinder 1 41 with such an air pressure 25 
that the rod 142 goes back into the air cylinder 141 by a 
proper amount by the tension applied to the elastic plate 
7. Accordingly, when a tension not less than a proper 
amount is applied to the elastic plate 7, the rod 142 goes 
back into the air cylinder 1 41 in correspondence with the 30 
tension to correspondingly reduce the tension applied to 
the elastic plate 7. Thus, a constant tension is applied to 
the elastic plate 7. As is apparent from the above descrip- 
tion, the magnitude of the tension applied to the elastic 
plate 7 can be controlled by means of the pressure value 35 
of the air supplied to the air cylinder 141. The proper 
amount of tension described above means a tension 
which has such a proper magnitude that no excessive 
tension is applied to the elastic plate 7 and there is no 
slackening in the whole elastic plate 7 or a part thereof. 40 

Also, as shown in Fig. 1 2, in the case where there is 
caused slackening as illustrated in the elastic plate 7 if 
the elastic plate 7 is not in the state that the first elastic 
plate holder 1 70 and the second elastic plate holder 1 71 
thereof are not parallel delicately, that is, in the state of, 45 
so called, a slant shift, the chuck body 1 31 rotates on the 
right or the left by the amount of the above slant shift, 
centering around the rotary center 133 of the stretching 
chuck means with respect to the bearing body 143, and 
thus the second elastic plate holder 171 tilts, and the so 
slackening in a part of the elastic plate 7 is removed to 
stretch the elastic plate 7 tautly (see Fig. 13). 

Or, as shown in Fig. 14, in the case where there is 
caused such slackening as illustrated in a part of the 
elastic plate 7 if the elastic plate is not in the state that 55 
the second elastic plate holder 171 is not located in the 
front of the first elastic plate holder 170, that is, in the 
state of, so called, a parallel shift, the mounting means 
1 40 is rotated on the left by the necessary angle, center- 



ing around the rotary center 1 62 of the mounting means 
1 40 with respect to the hand body 1 , and the chuck body 
131 is rotated on the right by the necessary angle, 
centering around the rotary center 133 of the stretching 
chuck means with respect to the bearing body 1 43. Thus 
the first elastic plate holder 170 and the second elastic 
plate holder 171 are made parallel, and the slackening 
in a part of the elastic plate 7 is removed to stretch the 
elastic plate 7 tautly (see Fig. 10 and Fig. 15). 

Thus, the state that there is no excessive tension or 
slackening caused in the elastic plate 7 is brought before 
the elastic plate 7 is wound round the barrel 108 of the 
printing roll. 

Then, the barrel 108 of the printing roll is gradually 
rotated in the direction of winding the elastic plate 7, the 
arm 60 of the articulated robot 6 is driven, the hand 105 
is brought gradually close to the barrel 1 08 of the printing 
roll, and the second elastic plate holder 1 71 of the elastic 
plate 7 is moved to the position where the second chuck 
means 1 81 of the barrel 1 08 of the printing roll is provided 
(see Figs. 6 and 7, and step 3 and step 4 of Fig. 1 8). The 
tension applied to the elastic plate 7, as described above, 
is adjusted automatically by back and forth movement of 
the rod 142 of the air cylinder 141. The back and forth 
movement of the rod 142 is carried out, while the elastic 
plate 7 is wound round the barrel 108 of the printing roll, 
when the excessive tension is applied to the whole elas- 
tic plate 7 by the movement of the hand 105 which is a 
little slower than the rotation of the barrel 1 08 of the print- 
ing roll, or when the shortage of the tension is caused 
on the whole elastic plate 7 by the movement of the hand 
1 05 which is a little faster than the rotation of the barrel 
1 08 of the printing roll. In the former case, since the rod 
1 42 goes back to the air cylinder 141 to ease the exces- 
sive tension, a predetermined tension is maintained 
while the elastic plate 7 is being wound. In the latter case, 
since the rod 142 advances from the air cylinder 141 to 
dissolve the shortage of the tension on the elastic plate 
7, a predetermined tension is maintained while the elas- 
tic plate is being wound. 

Furthermore, when the elastic plate 7 is wound 
round the barrel 108 of the printing roll, as well as the 
state that a predetermined tension is applied to the elas- 
tic plate 7 is maintained, there may be a case where the 
stretching direction of the elastic plate 7 is adjusted by 
the rotation of the mounting means 1 40 and/or the chuck 
body 131 , as described above (see Fig. 10). 

Then, the second elastic plate holder 1 71 of the elas- 
tic plate 7 is transferred from the stretching chuck means 
103 of the hand 105 to the second chuck means 181 of 
the barrel 1 08 of the printing roll, and the mounting of the 
elastic plate 7 to the barrel 1 08 of the printing roll is com- 
pleted (see Fig. 7). This transfer is performed by excita- 
tion and demagnetization of the electromagnets 
provided on the stretching chuck means 1 03 and the sec- 
ond chuck means 181, in the case where, for example, 
magnetic force-type holding mechanisms are adopted 
as the stretching chuck means 103 and the second 
chuck means 181. 
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Thus, after the elastic plate 7 is mounted round the 
barrel 1 08 of the printing roll, a thin-film is formed on the 
to-be-printed material by the printing device. Namely, the 
ink is first supplied to the surface of the intaglio roll A by 
the ink supply nozzle B1 which reciprocatingly moves in 
the longitudinal direction of the intaglio roll A, and then 
the removing unnecessary ink is carried out by the doctor 
blade B2 to fill the ink into the ink cells and measure the 
filled ink amount. 

When the printing table D is moved from the position 
"a" for putting a to-be-printed material to the carry-out 
position "c", after the to-be-printed material D2 is put on 
the printing table D, the printing table D slidingly moves 
with the rack D3, and at the same time, the printing roll 
C and the intaglio roll A rotate while interlocking with the 
rotation of the driving shaft of the printing table. Namely, 
the printing table 0 moves to the carry-out position V 
via the printing position "b", synchronously with the rota- 
tion of the printing roll C. At this time, the ink on the 
intaglio roll A is transferred to the convex portion of the 
elastic plate 7 of the printing roll C, and further trans- 
ferred to the to-be-printed material D2. 

On the contrary, when the printing table D is moved 
from the carry-out position "c" to the position "a" for 
putting a to-be-printed material, the interlock of the rota- 
tion of the printing roll C with the slide movement of the 
printing table D is cut off by a clutch device and the like, 
and the printing table D is moved from the carry-out posi- 
tion "c" via the printing position "b" to the position "a" for 
putting a to-be-printed material, regardless of the rota- 
tion of the printing roll C. 

The elastic plate automatic dismounting method in 
the present embodiment will now be described. 

The elastic plate automatic dismounting method is 
a method that after the elastic plate 7 mounted to the 
barrel 108 of the printing roll by the elastic plate auto- 
matic mounting method is used to print the to-be-printed 
material, the first elastic plate holder 1 70 and the second 
elastic plate holder 1 71 transfer the elastic plate 7 fixed 
by the first chuck means 180 and the second chuck 
means 181 of the barrel 108 of the printing roll, respec- 
tively, to the hand 105. 

First, from the second chuck means 1 81 of the barrel 
108 of the printing roll around which the elastic plate is 
wound, the second elastic plate holder 1 71 of the elastic 
plate 7 is transferred to the stretching chuck means 103 
of the hand 105. The operation to transfer the second 
elastic plate holder 171 from the second chuck means 
181 to the stretching chuck means 103 is carried out by 
excitation of demagnetization of the electromagnets pro- 
vided in the stretching chuck means 1 03 and the second 
chuck means 1 81 , in the case where the stretching chuck 
means 103 and the second chuck means 181 adopt, for 
example, a magnetic force-type holding mechanisms. 

Then, as well as the barrel 108 of the printing roll is 
rotated in the direction that the elastic plate 7 is come 
off, the arms 60 of the articulated robot 6 are driven to fit 
the positions of the fixed chuck means 102 of the hand 
105 and the first elastic plate holder 170 of the elastic 



plate 7 to each other, then the first elastic plate holder 
1 70 of the elastic plate 7 is transferred from the first chuck 
means 180 of the barrel 108 of the printing roll to the 
fixed chuck means 102 of the hand 105, and thus dis- 

5 mounting of the elastic plate 7 from the barrel 1 08 of the 
printing roll is completed. 

The thin-film forming apparatus and the thin-film 
forming method of the present invention have the effects 
described below by means of the above-mentioned 

10 structure and operations: 

(1) Since the printing is carried out after the elastic 
plate is automatically exchanged with another one 
to the barrel of the printing roll by a hand mounted 

15 to a articulated robot, the efficiency of forming a thin- 
film can be improved by saving time and trouble. 

(2) Since operators do not have to go in and out in 
order to mount the elastic plate to the barrel of the 
printing roll, dust does not flutter and the cleanness 

20 in the ambience can be improved. Furthermore, 
since the elastic plate is held automatically by the 
hand of the articulated robot, dust and rubbish do 
not attach to the elastic plate. Accordingly, the elastic 
plate is not got dirty at all. 
25 Therefore, when the ink is transferred from the 

intaglio roll to the elastic plate, printing can be car- 
ried out to the to-be-printed material with pure ink 
having a fixed property. For example, in the case of 
printing of a macromolecular thin-film such as a liq- 
30 uid crystal orientation film, the insulating property 
and the orientation is excellent, and part of a film is 
not lacked. 

(3) Since the elastic plate is wound round the barrel 
of the printing roll while automatically adjusting the 

35 tension applied to the elastic plate by a hand 
mounted to a robot, such a state that a tension is 
applied over the whole width of the elastic plate with 
a predetermined magnitude and in a predetermined 
direction can be easily maintained while the elastic 
40 plate is wound round the barrel of the printing roll. 
Therefore, the elastic plate can be wound round the 
barrel of the printing roll without causing any exces- 
sive tension or slackening, and the elastic plate can 
be mounted to the barrel of the printing roll in the 
45 state that there is no wrinkles or waves. 

Therefore, the contact pressure of the intaglio roll 
and the elastic plate, and the contact pressure of the 
elastic plate and the to-be-printed material become con- 
so stant. Thereby, an uniform thin-film can be formed on the 
to-be-printed material without consuming any time, and 
the efficiency of forming a thin-film can be improved. 

The second embodiment of the present invention 
will now be described below with reference to the draw- 
55 ings. 

The summary of the thin-film forming apparatus and 
the thin-film forming method in the second embodiment 
will be described below. 
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In the thin-film forming apparatus and the thin-film 
forming method of the second embodiment, wiping and 
drying of the intaglio roll is automatically carried out by 
using a hand mounted on the arm of the articulated robot 
in the intaglio roll automatic wiping device. Accordingly, 5 
before or after the printing process carried out at the 
printing device, the intaglio roll can be automatically 
wiped or dried, and the whole processes of a series of 
the thin-film forming can be smoothly carried out to 
improve the efficiency of the thin-film forming. 10 

Furthermore, in the thin-film forming apparatus and 
the thin-film forming method of the present invention, 
wipers can be always pressed to the barrel surface of the 
intaglio roll with a predetermined contact pressure, by 
the repulsion-pressing means of the intaglio roll auto- 15 
matic wiping device. Therefore, wiping and/or drying of 
the intaglio roll can be sufficiently and uniformly carried 
out, thereby foreign substance cannot be mixed in the 
thin-film, and a thin-film having an uniform film thickness 
can be formed. 20 

First, the intaglio roll automatic wiping device of the 
thin-film forming apparatus of the second embodiment 
will now be described. The repulsion-pressing means 
203 corresponds to the pressing means described in the 
claims, and the repulsive force generating member 230 25 
corresponds to the pushing force generating member 
described in the claims. 

In the intaglio roll automatic wiping device, as shown 
in Fig. 19 and Fig. 20, a hand 205 comprising a hand 
body 1 and a wiper holder means 202 for wiping the 30 
intaglio roll, mounted via a repulsion-pressing means 
203 to one end of the hand body 1, is mounted to the 
arm 60 of the articulated robot 6. 

The articulated robot 6 is the same as the one 
described in the first embodiment. 35 

The hand body 1 is, like in the first embodiment 
described above, a rectangular plate, and the arm 60 of 
the articulated robot 6 isf ixed in the roughly center of the 
surface thereof, and the hand 205 can be freely moved 
in the optional directions by the driving of the arm 60 of 40 
the articulated robot 6 (see Figs. 19 and 20). The hand 
205 is, as shown in Figs. 22 and 23, an arm-like member 
fixed at one side of the hand body 1, and includes a 
mounting body 215 which is the part mounted to the hand 
body 1 , a repulsion-pressing means 203 provided at the 45 
end of the mounting body 2 1 5, and a wiper holder means 
202 mounted at the end of the repulsion-pressing means 
203. 

The wiper holder means 202 includes a plate- 
shaped wiper mounting portion 220, and a rotation shaft so 
221 rotatably engaged with a bearing body 231 of the 
repulsion-pressing means 203 described below. The 
wiper mounting portion 220 has a pressing face 223 of 
the wiper 208. The rotation shaft 221 is fitted into the 
bearing part 236 of the bearing body 231 , and the wiper ss 
holder means 202 rotates centering around the rotation 
shaft 221 with respect to the bearing body 31 . 

On the wiper mounting portion 220, a wiper chuck 
224 is projected for holding the wiper 208 at the pressing 



face 223 or releasing the hold. The wiper chuck 224 is 
composed of, for example, resin materials, and holds the 
wiper 208 at the pressing face 223 by the elastic force 
thereof. The pressing face may be a plane, or a curved 
face along the curved face of the barrel surface 271 of 
the intaglio roll A. Also, as a wiper 208, there is used non- 
woven fabrics into which solvent dissolving the ink is pen- 
etrated. 

Furthermore, the wiper holder means 202 repels the 
hand body 1 with each other, via the repulsion-pressing 
means 203 described later, and presses the wiper 208 
against the barrel surface 172 of the intaglio roll A with 
a predetermined contact pressure (see Fig. 20, Fig. 22, 
and Fig. 23). 

The repulsion-pressing means 203 has, as shown 
Figs. 22 and 23, a repulsive force generating member 

230 which generates a repulsive force, such as a spring 
or an air cylinder (not shown), in order to generate a 
repulsive force between the hand body 1 and the wiper 
holder means 202. By this repulsive force, the wiper 
holder means 202 is pressed against the barrel surface 
of the intaglio roll A with a predetermined contact pres- 
sure. 

In the present embodiment, the repulsion-pressing 
means 203 includes a mounting body 215, whose one 
end is fixed to the hand body 1, a bearing body 231 
located at the other end of the mounting body 215, and 
a repulsive force generating member 230 which gener- 
ates a repulsive force between the mounting body 215 
and the bearing body 231 . As the repulsive force gener- 
ating member 230, a spring is used in the present 
embodiment, and respective ends of the spring are held 
by the concave receiving portion 210 provided at the 
other end of the mounting body 215 and the concave 
receiving portion 235 provided in the bearing body 231 , 
respectively. Also, the movement of the bearing body 231 
relative to the mounting body 21 5 is guided by the guide 
rod 232, whose one end is buried in the bearing body 

231 and whose other end is slidably held in the mounting 
body 21 5. A stopper 233 is provided to the guide rod 232 
so that the mounting body 215 and the bearing body 231 
are not parted due to the repulsive force of the spring, 
and thus there is a limit in parting the mounting body 2 1 5 
and the bearing body 231 . 

Furthermore, to the hand 205, as illustrated, a gas- 
ejecting means 204 which ejects gas for drying the 
intaglio roll from, e.g., a pump, may be provided side by 
side with the wiper holder means 202. As the gas for dry- 
ing the intaglio roll, there can be mentioned nitrogen gas. 
The gas ejecting means 204 is a gas ejecting means 
such as a nozzle, and is mounted on the side of the wiper 
holder means 202. 

In another portion of the hand body 1 where the 
wiper holder means 202 for wiping the intaglio roll is 
mounted via a repulsion-pressing means 203, the elastic 
plate automatic mounting/dismounting means 101 
and/or the wiper holder means 302 for wiping the doctor 
blade may be mounted (not shown). 
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The elastic pfate automatic mounting/dismounting 
means 101 has the mechanism described in the above- 
mentioned first embodiment, and as shown in Fig. 24, 
has the elastic plate tension-adjusting means 104 to be 
mounted to the hand body 1 . 5 

Furthermore, the wiper holder means 302 for wiping 
the doctor blade is mounted, for example, as shown in 
Fig. 24, to the hand body 1 via a repulsion-pressing 
means 303, at a position opposite to the elastic plate 
automatic mounting/dismounting means 101. When it is 10 
required to remove the unnecessary ink which is left in 
the doctor blade, a wiper composed of non-woven fabrics 
or the like which has been penetrated with solvent, is held 
by the wiper holder means 302 for the doctor blade, and 
the surface of the doctor blade is wiped by the wiper by 15 
rotating the hand body 1 by 90 degree and driving the 
arms 60 of the articulated robot 6. The repulsion-press- 
ing means 303 is a means which utilizes the repulsive 
force of a spring, an air cylinder, or the like to bring the 
wiper into contact with the tip of the doctor blade with a 20 
predetermined contact pressure and to hold the upper 
and lower faces of the doctor blade with the wiper with a 
predetermined catching pressure. 

One embodiment of the thin-film forming method 
according to the present invention will now be described. 25 

First, at the intaglio roll automatic wiping device, the 
barrel surface 271 of the intaglio roll A to which unnec- 
essary ink is adhered is wiped by the wiper 208 to 
remove the unnecessary ink automatically. 

The intaglio roll A is a columnar ceramic body or a 30 
columnar metal body having a rotation shaft 270, and 
has a plurality of ink cells provided on the barrel surface 
271 thereof. Ink goes into the ink cells, and the ink in the 
ink cells is transferred to the surface of the printing roll C 
which is disposed abutting to the barrel of the intaglio roll 35 
A. 

First, the wiper 208 is held in the pressing face 223 
of the wiper holder means 202 of the intaglio roll auto- 
matic wiping device. For example, the wiper 208 may be 
fixed with plural wiper chucks 224 mounted to the side <o 
of the wiper mounting portion 220 of the wiper holder 
means 202. As the wiper 208, there can be used non- 
woven fabrics penetrated with liquid such as the prime 
solvent of the ink, alcohol, acetone, or the like, or dried 
non-woven fabrics into which nothing is penetrated. 45 

Then, by driving the arms 60 of the articulated robot 
6, the wiper holder means 202 is moved and the pressing 
face 223 of the wiper 208 is pressed against the barrel 
surface 271 of the intaglio roll A with a predetermined 
contact pressure. so 

The driving of the arms 60 may be done by properly 
bending/stretching the arms 60 via the joints 61 of the 
articulated robot 6 or by vertically moving the robot base 
62. 

The predetermined contact pressure means such a ss 
pressure, when the wiper 208 is brought into contact with 
the barrel surface 271 of the intaglio roll A, that the sol- 
vent penetrated into the wiper 208 can be sufficiently dis- 
solve the unnecessary ink which has gone into the ink 



cells of the barrel surface 271 of the intaglio roll A and 
the dissolved ink can be completely wiped out by the 
wiper 208 due to the rotation of the intaglio roll A. 

Then, while the intaglio roll A is rotated and the con- 
tact pressure of the wiper 208 against the barrel surface 
271 of the intaglio roll A is maintained, the arms 60 of 
the articulated robot 6 are driven to move the hand 205 
along the axial direction of the intaglio roll A. 

When the curvature of the barrel surface 271 of the 
intaglio roll A is large and the wiper 208 held by the wiper 
holder means 202 is plane, the barrel surface 271 of the 
intaglio roll A and the wiper 208 come into line contact, 
and other parts of the wiper 208 are separated from the 
barrel surface 271 and do not contact with each other. If 
it is tried to press strongly the wiper 208 against the bar- 
rel surface of the intaglio roll A so as to contact the whole 
face of the wiper 208 with the barrel surface 271 , there 
are produced parts pressed with a strong contact pres- 
sure and parts pressed with a weak contact pressure. It 
means that the ink is wiped out only by the part which is 
brought into line contact or the part having the maximum 
contact pressure, and parts where much dirt is adhered 
and parts where dirt is less adhered are produced, and 
the whole face of the wiper cannot be effectively used to 
deteriorate the wiping efficiency. 

In such a case, as shown in Fig. 21 , it will be better 
to move the hand 205 in a direction with a certain angle 
against the axial direction. By such a manner, the part 
where the wiper 208 and the intaglio roll A are brought 
into line contact or the part where the contact pressure 
becomes maximum move on the whole surface of the 
wiper 208 evenly, thereby the whole face of the wiper 208 
can be effectively used to improve the wiping efficiency. 

Furthermore, while wiping the barrel surface 271 of 
the rotating intaglio roll A with the wiper 208 and main- 
taining a predetermined contact pressure of the wiper 
208 against the barrel surface 271 of the intaglio roll A, 
the angle between the bearing body 231 and the wiper 
holder means 202 may be adjusted (see Fig. 23). 

The wiper holder means 202 can be rotated as 
required when the pressing face 223 of the wiper holder 
means 202 and the barrel surface 271 of the intaglio roll 
A are not made parallel and tend to be inclined against 
each other, due to a delicate deviation of the hand 205, 
while moving the barrel of the intaglio roll A. Namely, if 
the pressing face 223 of the wiper holder means 202 
inclines against the barrel surface 271 of the intaglio roll 
A, a part of the wiper 208 separates from the barrel sur- 
face 271 of the intaglio roll A, and it is difficult to bring 
the barrel surface 271 of the intaglio roll A into contact 
with the wiper 208 with an uniform contact pressure, and 
it is difficult to wipe it neatly. Therefore, according to the 
inclination thereof, by rotating the wiper holder means 
202 by a predetermined angle centering around the rota- 
tion shaft 221 , the pressing face 223 of the wiper holder 
means 202 is made parallel to the barrel surface 271 of 
the intaglio roll A, thereby the pressing face 223 of the 
wiper holder means 202 can be brought into contact with 
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the barrel surface 271 of the intaglio roll A with an uniform 
contact pressure, without any space left therebetween. 

Next, by driving the arms 60 of the articulated robot 
6, the wiper 208 is parted from the barrel surface 271 of 
the intaglio roll A to complete wiping of the intaglio roll A. 

Next, the automatic drying method after wiping the 
intaglio roll will be described. 

First, by driving the arms 60 of the articulated robot 
6, the hand 205 is moved, so that a predetermined dis- 
tance is disposed from the barrel surface 271 of the 
intaglio roll A, and the gas ejecting means 204 is moved 
for drying the intaglio roll automatic wiping device 
according to the second embodiment. 

The driving of the arms 60 may be done by properly 
bending/stretching the arms 60 via the joints 61 of the 
articulated robot 6 or by vertically moving the robot base 
62. 

Then, while the intaglio roll A is rotated and gas is 
ejected from the gas ejecting means 204 for drying the 
intaglio roll A, the articulated robot 6 is driven to move 
the gas-ejecting means 204 along the axial direction of 
the intaglio roll A. 

The intaglio roll A is rotated with a constant rotation 
velocity. The rotation velocity of the intaglio roll A is set 
depending upon the volume and temperature of the gas 
ejected from the gas-ejecting means 204 and the velocity 
of movement thereof in the axial direction of the intaglio 
roll A. For example, when the gas volume ejected from 
the gas-ejecting means 204 is large, or when the tem- 
perature thereof is high, or when the velocity of the move- 
ment of the gas-ejecting means 204 in the axial direction 
of the intaglio roll A is slow, it is better to make the rotation 
of the intaglio roll A relatively fast. Also, when the gas 
volume ejected from the gas-ejecting means 204 is 
small, or when the temperature thereof is low, or when 
the velocity of the movement of the gas-ejecting means 
204 in the axial direction of the intaglio roll A is fast, it is 
better to make the rotation of the intaglio roll A relatively 
slow. 

After the intaglio roll A is wiped out and dried, a thin- 
film is formed on the to-be-printed material by the printing 
device. This forming method is the same as that of the 
first embodiment, and therefore, the explanation thereof 
is omitted. 

Trie thin-film forming apparatus and the thin-film 
forming method of the present invention have the effects 
described below by means of the above-mentioned 
structure and operations: 

(1) Since operators do not have to go in and out in 
order to wipe out the intag lio roll, dust does not flutter 
and the cleanness in the ambience can be improved. 
Furthermore, since the wiper is held automatically 
by the hand of the articulated robot, dust and rubbish 
do not attach to the intaglio roll. Accordingly, the 
intaglio roll is not got dirty at all, as well as saving 
time and trouble, thereby the wiping efficiency and 
the thin-film forming efficiency can be improved. 



(2) Dust, rubbish, and oils are not mixed in the ink. 
Therefore, for example, in the case of forming a mac- 
romolecular thin-film pattern such as a liquid crystal 
orientation film, the desired insulating property and 
orientation performance can be obtained in a thin- 
film, and then a thin-film having such high functions 
can be stably obtained. 

(3) Since the wiping of the intaglio roll is carried out, 
while automatically pressing the wiper against the 
intaglio roll by the hand mounted to the arms of the 
articulated robot, the wiper can be pressed against 
the intaglio roll with a predetermined contact pres- 
sure. Also, while keeping the predetermined contact 
pressure, the arms can be moved automatically in 
the axial direction of the intaglio roll, thereby the bar- 
rel surface of the intaglio roll can be wiped out uni- 
formly. 

Accordingly, the residual ink adhered into the 
ink cells can be sufficiently removed. Therefore, a 
thin-film having a sufficient film thickness can be 
formed on the to-be-printed material. The barrel sur- 
face of the intaglio roll can be also uniformly wiped 
out. Therefore, there is not caused any unevenness 
in the transferred amount of the ink to the printing 
roll to make the film thickness uniform. Accordingly, 
for example, when a macromolecular thin-film pat- 
tern such as a liquid crystal orientation film is 
formed, such a thin-film having the high functions 
that has an uniform film thickness and causes no 
unevenness in the display can be stably obtained. 

(4) Since the gas for drying the intaglio roll is ejected 
automatically to the barrel surface of the intaglio roll 
with the hand mounted to the articulated robot, it can 
be automatically and easily done to make the dis- 
tance between the gas-ejecting means and the bar- 
rel surface of the intaglio roll a predetermined 
distance value and to maintain the predetermined 
distance while moving the gas-ejecting means in the 
axial direction of the intaglio roll. Therefore, the bar- 
rel surface of the intaglio roll can be dried uniformly, 
and the subsequent printing process can be 
smoothly carried out to improve the efficiency of the 
thin-film forming. 



45 EXPLANATION OF REFERENCE NUMERALS 

I. .. hand body; 6... articulated robot; 
7... elastic plate; 10... bearing part; 

II. .. rotation guide; 12... cam follower guide groove; 
so 13... V-shaped portion; 60... arm; 61... joint; 

62... robot base; 70... tip; 

101... elastic plate automatic mounting/dismounting 
device; 

102... fixed chuck means; 103... stretching chuck means; 
55 1 04... elastic plate tension-adjusting means; 
105... hand; 108... barrel of the printing roll; 
121... chuck body; 122... driving unit; 
123... holding portion; 130... rotation shaft; 
131... chuck body; 
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133... rotary center of the stretching chuck means; 

140... rotation shaft portion; 141... air cylinder body; 

142... rod; 143... bearing body; 144... cam follower; 

145... bearing part; 161... mounting portion; 

162... rotary center of the mounting means; 5 

170... first elastic plate holder; 

171... second elastic plate holder; 

1 75... chuck hole for the hand; 

1 76... chuck hole for the printing roll; 

1 77... hole for positioning; 180... first chuck means; w 

181... second chuck means; 

"A"... intaglio roll; "B"... ink supply means; 

"Br... ink supply nozzle; "B2"... doctor blade; 

"B3"... doctor blade- supporting rod; 

"C"... printing roll; 15 

"D w ... printing table; M D1"... guide rail; 

"D2"... to-be-printed material; "D3"... rack; 

"D4 M ... pinion; n E M ... base; "F"... supporting frame; 

202... wiper holder means for wiping the intaglio roll; 

203... repulsion-pressing means; 20 

204... gas-ejecting means; 

205... hand; 208... wiper; 210... receiving portion; 

21 1... fixed portion; 215... mounting portion; 

220... wiper-mounting portion; 221... rotation shaft; 

223... pressing face; 224... wiper chuck; 2 s 

230... repulsive force-generator; 231 ...bearing body; 

232... guide rod; 233... stopper; 

235... receiving portion; 236... bearing part; 

270... rotation shaft; 271... barrel surface; 

272... printing roll; 302... wiper holder means; 30 

303... repulsion-pressing means; 

304... gas-ejecting means; 

305... hand; 308... wiper; 309... blade holder means; 

320... wiper holder body; 321... chuck means; 

322... tensile force-generating means; 35 

323... air cylinder body; 324... rotor shaft; 

325... rotor; 330... spring; 331... mounting body; 

332... supporting rod; 333... hooking pin; 

334... hooking pin; 340... upper chuck; 

341... hooking pin; 342... hooking pin; 40 

350... lower chuck; 351... hooking pin; 

352... hooking pin; 353... gas-ejecting hole; 

361... rod; 390... upper blade holder; 

391 ... lower blade holder. 

Claims 

1 . A thin-film forming apparatus which includes a print- 
ing device having an intaglio roll (A) having a plurality 
of ink cells, an ink supply means (B) which includes so 
a doctor blade (B2) and fills ink into the ink cells, a 
printing roll (C) with an elastic plate (7) to which the 
ink of the intaglio roll is transferred wound round a 
barrel surface thereof, and a printing table (D) which 
fixes a to-be-printed material (D2) to which the ink ss 
of the printing roll is transferred, characterized by 
comprising: 

a articulated robot (6); and 

an implementation means for printing prepar- 



atory works which is mounted to an arm (60) of the 
articulated robot and which performs at least one 
operation among a mounting/dismounting operation 
of the elastic plate to/from the printing roll, an oper- 
ation to wipe the barrel surface of the intaglio roll, 
and an operation to wipe the doctor blade. 

2. The thin-film forming apparatus according to claim 

1 , wherein the implementation means for the printing 
preparatory works is an elastic plate automatic 
mounting/ dismounting device (101) which includes 
a fixed chuck means (1 02) which is fixed at one end 
on a lower side of a hand body (1) of a hand (105) 
mounted to a tip of the arm of the articulated robot 
and mountably and dismourrtably holds one end of 
the elastic plate (7), a stretching chuck means (1 03) 
which is movably arranged at the other end on the 
lower side of the hand body opposite to the fixed 
chuck means and mountably and dismountably 
holds the other end of the elastic plate, and an elastic 
plate tension-adjusting means (104) which is fixed 
on the lower side of the hand body, and supports the 
stretching chuck means, and adjusts a distance 
between the fixed chuck means and the stretching 
chuck means, and 

the articulated robot has a control device 
(1 85) which controls an operation of the elastic plate 
automatic mounting/dismounting device. 

3. The thin-film forming apparatus according to claim 

2, wherein the hand body has a mounting means 
(140) which is movably mounted in parallel to the 
lower lace of the hand body, 

the elastic plate tension-adjusting means is 
an air cylinder (141) fixed on a back face of the 
mounting means, and 

the stretching chuck means has a bearing 
body (1 43) which is supported at a tip of a rod of the 
air cylinder, and a chuck body (131) which is 
mounted to the bearing body rotatably in a horizontal 
direction against a lower face of the bearing body. 

4. Tlie thin-film forming apparatus according to claim 
1 , wherein the implementation means for the printing 
preparatory works is an intaglio roll automatic wiping 
device which includes a wiper (208) which wipes the 
barrel surface of the intaglio roll, a wiper holder 
means (202) which holds the wiper, and a pressing 
means (203) which presses the wiper, which is 
mounted at one end of the hand body of the hand 
(205) mounted at a tip of the arm of the articulated 
robot and is held by the wiper holder means, to the 
barrel surface of the intaglio roll, and 

the articulated robot has a control device 
(185) which controls an operation of the intaglio roll 
automatic wiping device. 

5. Tlie thin-film forming apparatus according to claim 
4, wherein the intaglio roll automatic wiping device 
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also includes a gas-ejecting means for drying the 
intaglio roll. 

6. The thin-film forming apparatus according to claim 

4, wherein the pressing means includes a bearing 
body (231) which is provided at a joint portion with 
the wiper holder means and supports the wiper 
holder means rotatably with respect to the wiper 
holder means which moves with movement of the 
arm of the articulated robot, a mounting body (215) 
whose one end is mounted to the hand body, and a 
pushing force generating member (230) which is 
provided at the other end of the mounting body and 
pushes the bearing body toward the intaglio roll with 
respect to the mounting body. 

7. The thin-film forming apparatus according to claim 

5, wherein the pressing means includes a bearing 
body (231) which is provided at a joint portion with 
the wiper holder means and supports the wiper 
holder means rotatably with respect to the wiper 
holder means which moves with movement of the 
arm of the articulated robot, a mounting body (215) 
whose one end is mounted to the hand body, and a 
pushing force generating member (230) which is 
provided at the other end of the mounting body and 
pushes the bearing body toward the intaglio roll with 
respect to the mounting body. 

8. The thin-film forming apparatus according to claim 
1 , wherein the implementation means for the printing 
preparatory works is a doctor blade automatic wip- 
ing device which includes a wiper (308) which wipes 
the doctor blade, a wiper holder means (302) to 
which the wiper is mounted and which holds the doc- 
tor blade therebetween via the wiper, and a pressing 
means (303) which is mounted at one end of a hand 
body of a hand (305) mounted at a tip of the arm of 
the articulated robot and presses the wiper holder 
means toward the doctor blade, and 

the articulated robot has a control device 
(1 85) which controls an operation of the doctor blade 
automatic wiping device. 

9. The thin-film forming apparatus according to claim 
8, wherein the doctor blade automatic wiping device 
also includes a gas-ejecting means (304) for drying 
the doctor blade. 

10. The thin-film forming apparatus according to claim 
8, wherein the wiper holder means includes a wiper 
holder body (320) mounted to the pressing means, 
a chuck means (321) having an upper chuck (340) 
and a lower chuck (350) which is slidably mounted 
against the wiper holder body, holds the wiper, and 
carries out a chuck opening/ closing operation for 
the doctor blade, a holding force generating means 
(322) which is mounted to the chuck means and gen- 
erates an elastic force for holding the doctor blade 



by the chuck means, and driving means (323, 361) 
which are mounted to the wiper holder body and 
drive the chuck means in a direction to release hold 
of the doctor blade by the chuck means. 

5 

11. The thin-film forming apparatus according to claim 
9, wherein the wiper holder means includes a wiper 
holder body (320) mounted to the pressing means, 
a chuck means (321) having an upper chuck (340) 

10 and a lower chuck (350) which is slidably mounted 
against the wiper holder body, holds the wiper, and 
carries out a chuck opening/ closing operation for 
the doctor blade, a holding force generating means 
(322) which is mounted to the chuck means and gen- 

15 erates an elastic force for holding the doctor blade 
by the chuck means, and driving means (323, 361) 
which are mounted to the wiper holder body and 
drive the chuck means in a direction to release hold 
of the doctor blade by the chuck means. 

20 

12. The thin-film forming apparatus according to claim 
1 , wherein the implementation means for the printing 
preparatory works comprises; 

an elastic plate automatic mounting/dis- 

25 mounting device (101) which includes a fixed chuck 
means (102) which is fixed at one end on a lower 
side of a hand body (1) of a hand (105) mounted to 
a tip of the arm of the articulated robot and mount- 
ably and dismountably holds one end of the elastic 

30 plate (7), a stretching chuck means (103) which is 
movably arranged at the other end on the lower side 
of the hand body opposite to the fixed chuck means 
and mountably dismountably holds the other end of 
the elastic plate, and an elastic plate tension-adjust- 

35 ing means (1 04) which is fixed on the lower side of 
the hand body, and supports the stretching chuck 
means, and adjusts a distance between the fixed 
chuck means and the stretching chuck means; 

an intaglio roll automatic wiping device which 

40 includes a wiper (208) which wipes the barrel sur- 
face of the intaglio roll, a wiper holder means (202) 
which holds the wiper, and a pressing means (203) 
which presses the wiper, which is mounted at one 
end of a hand body of a hand (205) mounted at a tip 

45 of the arm of the articulated robot and is held by the 
wiper holder means, to the barrel surface of the 
intaglio roll; 

a doctor blade automatic wiping device which 
includes a wiper (308) which wipes the doctor blade, 

so a wiper holder means (302) to which the wiper is 
mounted and which holds the doctor blade therebe- 
tween via the wiper, and a pressing means (303) 
which is mounted at one end of a hand body of a 
hand (305) mounted to the tip of the arm of the artic- 

55 ulated robot and pushes the wiper holder means 
toward the doctor blade; and 

a control device (1 85) which is provided to the 
articulated robot and controls operations of the elas- 
tic plate automatic mounting/dismounting device, 
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the intaglio roll automatic wiping device, and the 
doctor blade automatic wiping device. 

13. A thin-film forming method which performs a thin- 
film printing by using a thin-film forming apparatus s 
which comprises a printing device having an intaglio 
roll (A) having a plurality of ink cells, an ink supply 
means (B) which has a doctor blade (B2) and fills 
ink into the ink cells, a printing roll (C) with an elastic 
plate (7) to which the ink of the intaglio roll is trans- 10 
ferred wound round a barrel surface thereof, and a 
printing table (D) which fixes a to-be-printed material 

to which the ink of the printing roll is transferred, a 
articulated robot (6), and an implementation means 
for printing preparatory works which is mounted to 15 
an arm (60) of the articulated robot, and winding the 
elastic plate round the barrel surface of the printing 
roll, and filling the ink into the ink cells of the intaglio 
roll, and then transferring the ink from the intaglio roll 
to the elastic plate in the printing roll, and transferring 20 
the ink from the printing roll to the to-be-printed 
material which is fixed to the printing table, 

which includes an implementation process 
for the printing preparatory works which performs at 
least one process of a mounting dismounting proc- 25 
ess of the elastic plate to/from the printing roll, a wip- 
ing process of the barrel surface of the intaglio roll, 
and a wiping process of the doctor blade, by driving 
the implementation means for the printing prepara- 
tory works by means of the articulated robot. 30 

14. The thin-film forming method according to claim 13, 
wherein the implementation process for the printing 
preparatory works is implemented by using the thin- 
film forming apparatus which comprises an elastic 35 
plate automatic mounting/ dismounting device (101) 
which includes a fixed chuck means (102) which is 
fixed at one end on a lower side of a hand body (1) 

of a hand (105) mounted to a tip of the arm of the 
articulated robot and mountably and dismountably 40 
holds one end of the elastic plate (7), a stretching 
chuck means (1 03) which is movably arranged at the 
other end on the lower side of the hand body oppo- 
site to the fixed chuck means and mountably and dis- 
mountably holds the other end of the elastic plate, 45 
and an elastic plate tension-adjusting means (104) 
which is fixed on the lower side of the hand body, 
and supports the stretching chuck means, and 
adjusts a distance between the fixed chuck means 
and the stretching chuck means, and a control so 
device (185) which is provided to the articulated 
robot and controls an operation of the elastic plate 
automatic mounting/dismounting device, the imple- 
mentation process comprising: 

a first process in which a position of the first 55 
chuck means of the barrel of the printing roll and a 
position of the first elastic plate holder of the elastic 
plate are adjusted by holding a first elastic plate 
holder and a second elastic plate holder of the elas- 



tic plate which is in a slackened state by the fixed 
chuck means and the stretching chuck means of the 
elastic plate automatic mounting/dismounting 
device, respectively and driving the arm of the artic- 
ulated robot, and then the first elastic plate holder of 
the elastic plate is transferred from the fixed chuck 
means of the hand to the first chuck means of the 
barrel of the printing roll, 

a second process in which the elastic plate is 
wound round the barrel surface of the printing roll, 
while maintaining such a state that a predetermined 
tension is applied to the elastic plate, by driving the 
tension-adjusting means, the arm of the articulated 
robot, and the barrel of the printing roll in a direction 
to wind the elastic plate, and 

a third process in which the second elastic 
plate holder of the elastic plate is moved to a position 
where the second chuck means of the barrel of the 
printing roll is provided, and then the second elastic 
plate holder of the elastic plate is transferred from 
the stretching means of the hand to the second 
chuck means of the barrel of the printing roll to com- 
plete a mounting of the elastic plate to the barrel sur- 
face of the printing roll. 

15. The thin-film forming method according to claim 14, 
wherein the second process is to bring the hand 
gradually close to the barrel of the printing roll with 
a rotation of the barrel of the printing roll, by driving 
the arm of the articulated robot while applying a pre- 
determined tension to the elastic plate between the 
first elastic plate holder and the second elastic plate 
holder, then maintaining a state that the predeter- 
mined tension is applied to the elastic plate by mov- 
ing back and forth a rod from an air cylinder of the 
elastic plate tension-adjusting means, and adjusting 
a pulling direction of the elastic plate by rotating the 
elastic plate tension-adjusting means or the stretch- 
ing chuck means. 

1 6. TTie thin-film forming method according to claim 1 4, 
wherein a dismounting the elastic plate from the bar- 
rel of the printing roll is completed by transferring the 
second elastic plate holder of the elastic plate from 
the second chuck means of the barrel of the printing 
roll to which the elastic plate is wound, to the stretch- 
ing chuck means of the hand, then, rotating the bar- 
rel of the printing roll in a direction that the elastic 
plate comes off, driving the arm of the articulated 
robot to adjust positions of the fixed chuck means of 
the hand and the first elastic plate holder of the elas- 
tic plate, and then transferring the first elastic plate 
holder of the elastic plate from the first chuck means 
of the barrel of the printing roll to the fixed chuck 
means of the hand. 

1 7. The thin-film forming method according to claim 1 5, 
wherein a dismounting the elastic plate from the bar- 
rel of the printing roll is completed by transferring the 
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second elastic plate holder of the elastic plate from 
the second chuck means of the barrel of the printing 
roll to which the elastic plate is wound, to the stretch- 
ing chuck means of the hand, then, rotating the bar- 
rel of the printing roll in a direction that the elastic 5 
plate comes off, driving the arm of the articulated 
robot to adjust positions of the fixed chuck means of 
the hand and the first elastic plate holder of the elas- 
tic plate, and then transferring the first elastic plate 
holder of the elastic plate from the first chuck means w 
of the barrel of the printing roll to the fixed chuck 
means of the hand. 

18. The thin-film forming method according to claim 13, 
wherein the implementation process for the printing 15 
preparatory works is implemented by using the thin- 
film forming apparatus which comprises an intaglio 

roll automatic wiping device which includes a wiper 
(208) for wiping the barrel surface of the intaglio roll, 
a wiper holder means (202) for holding the wiper, 20 
and a pressing means (203) which is mounted to one 
end of a hand body of a hand (205) mounted to a tip 
of the arm of the articulated robot and presses the 
wiper held by the wiper holder means against the 
barrel surface of the intaglio roll, and a control device 25 
(185) which is provided to the articulated robot and 
controls an operation of the intaglio roll automatic 
wiping device, and the process includes holding the 
wiper by the wiper holder means of the intaglio roll 
automatic wiping device, moving the wiper holder 30 
means by driving the arm of the articulated robot, 
pressing the wiper to the barrel surface of the intaglio 
roll by the pressing means with a predetermined 
contact pressure, then, rotating the intaglio roll, 
maintaining the contact pressure of the wiper 35 
against the barrel surface of the intaglio roll moving 
the hand in an axial direction of the intaglio roll to 
carry out wiping and parting the wiper from the barrel 
surface of the intaglio roil by driving the arm of the 
articulated robot. 40 

19. The thin-film forming method according to claim 18, 
wherein while rotating the intaglio roll after pressing 
the wiper with a predetermined contact pressure 
against the barrel surface of the intaglio roll and 45 
while maintaining the contact pressure of the wiper 
against the barrel surface of the intaglio roll to make 
the wiper holder means rotatable, the hand is moved 
along the axial direction of the intaglio roll by driving 
the arm of the articulated robot. so 

20. The thin-film forming method according to claim 18, 
wherein a gas-ejecting means as well as the hand 
are moved along the axial direction of the intaglio roll 

by driving the arm of the articulated robot while rotat- ss 
ing the intaglio roll and ejecting gas from the gas- 
ejecting means for drying the intaglio roll. 



21. Trie thin-film forming method according to claim 19, 
wherein a gas-ejecting means as well as the hand 
are moved along the axial direction of the intaglio roll 
by driving the arm of the articulated robot while rotat- 
ing the intaglio roll and ejecting gas from the gas- 
ejecting means for drying the intaglio roll. 

22. The thin-film forming method according to claim 13, 
wherein the implementation process for the printing 
preparatory works is implemented by using the thin- 
film forming apparatus which comprises a doctor 
blade automatic wiping device which includes a 
wiper (308) for wiping the doctor blade, a wiper 
holder means (302) to which the wiper is mounted 
and which holds the doctor blade therebetween via 
the wiper, and a pressing means (303) which is 
mounted to one end of a hand body of a hand (305) 
mounted to a tip of the arm of the articulated robot 
and presses the wiper holder means toward the doc- 
tor blade, and a control device (185) which is pro- 
vided to the articulated robot and controls an 
operation of the doctor blade automatic wiping 
device, the wiper holder means including a wiper 
holder body (320) mounted to the pressing means, 
a chuck means (321) having the upper chuck (340) 
and a lower chuck (350), which is mounted slidably 
against the wiper holder body, holds the wiper, and 
performs chuck opening/closing operation for the 
doctor blade, a holding force generating means 
(322) which is mounted to the chuck means and gen- 
erates an elastic force for holding the doctor blade 
by the chuck means, and driving means (323, 361) 
which is mounted to the wiper holder body and 
drives the chuck means in a direction that holding of 
the doctor blade by the chuck means is released, 
and 

the process includes moving the wiper holder 
means to a predetermined position of the doctor 
blade by driving the arm of the articulated robot, 
pushing at least one tip of the upper chuck or the 
lower chuck of the chuck means provided to the 
wiper holder means against at least one tip of an 
upper blade holder or a lower blade holder, holding 
the doctor blade by the wiper by means of the hold- 
ing force-generating means, then, wiping the doctor 
blade by moving the hand along a longitudinal direc- 
tion of the doctor blade by driving the arm of the artic- 
ulated robot, and then parting the wiper from the 
doctor blade by driving the arm of the articulated 
robot. 

23. The thin-film forming method according to claim 22, 
wherein a gas-ejecting means as well as the hand 
are moved along the longitudinal direction of the 
doctor blade by driving the arm of the articulated 
robot while ejecting gas from the gas-ejecting 
means. 
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Fig. 7 
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